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Chapter 1

| ntroduction

An important element for the modelingand simulation of electromagnetic (EM)
radiation propagation in the atmosphere are the characterization o the scatter-
ing and absorption features d both natural and man-made particulate matter
suspended in air (aerosols). In fact, aerosols are the dominant mechanism for
scattering of EM radiation in the boundary layer atmosphere. The boundary
layer represents that portion o the atmosphere contained in the first two kilo-
meters above ground level. The Army conducts most o its military operations,
armor, infantry, helicopter, within the boundary layer; making an understanding
o the portion d the atmosphere very important.. There have been a consid-
erable number o models developed for characterizing natural and man-made
aerosols[4, 5, 6, 9, 10]. For the natural hazes and fogs, the standard models
are those o Shettle and Fenn[14]. The Shettle and Fenn haze models, here-
after referred as the standard models, have had the broadest use within the
atmospheric modeling community. The standard haze models were based upon
review of data on the nature o the aerosols, including sizes, distribution, and
variability. They do not represent any exact aerosol type but instead repre-
sent a generalized description of atmospheric aerosol types. Shettle and Fenn’s
models for rural, urban, and maritime hazes have become the standard within
other large environmental and atmospheric simulations and libraries (including:
MODTRAN, LOWTRAN, EOSAEL,WAVES)([8, 3, 12].

The aerosol Phase Function Database (PFNDAT) is the primary aerosol
scattering property database within the Electro Optical Systems Atmospheric
Effects Library (EOSAEL)[15]. The PFNDAT database characterizes many of
the battlefield and natural aerosols found in the boundary-layer atmosphere.
The natural haze models in PFNDAT closely follow the haze models of Shet-
tle and Fenn. The spectral resolution of the database is fairly coarse, with
aerosol properties computed for two sets o wavelengths. The first set, which
comprises the natural hazes, fogs, and some of the smokes, is computed at 32
wavelengths between 0.354m and 40pm. The second set, which comprises some
o the smoke and dust models, are computed at 22 wavelengths between 0.55:m
and 14um. This High Spectral-Resolution Phase Function Database (HSPFN-
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DAT) contains al d the haze and fog natural aerosol models of PFNDAT and
one obscurant (Fog Oil) calculated at 33,000 wavelengths between 0.35um and
40pm. For spectral signature modeling of plumes or atmospheric contaminants,
it is necessary to model both target and background aerosols, as well as atmo-
spheric molecular transmission at the finest resolution available. The resolu-
tion of HSPFNDAT matches that currently available from the U.S. Air Force's
MODTRAN. MODTRAN isclassified asa moderate resolution model in that it
does not resolveindividual atomic or molecular lines (likethe model FASCODE
does). We do not expect any line-shapes comparable to atomic or molecular
transitions within typical atmospheric aerosol distributions. For this reason,
matching the optical properties computed for aerosol models to the moderate
resolution available from MODTRAN seems sufficient for a complete character-
ization of atmospheric aerosol optical properties.

Currently, WAVESincorporatesthe EOSAEL module PFNDAT which mod-
els 55 separate natural and man made aerosols at low resolutions. The mo-
tivation for developing HSPFNDAT is because df the necessity for modeling
and simulation of the electro-optic properties o natural and man-made aerosol
clouds as wdl as natural hazes and obscurants in high spectral resolution.

Futureversionsad HSPFNDAT will incorporate a complete set o the aerosols
present in PENDAT with scattering properties calculated at 1 =i~ resolution.
In addition, the restriction for homogeneous, spherical particles will be lifted

for those aerosols such as ice crystals in which particle morphology can play
an important role in scattering properties. Wealso hopeto provide optical prop-
erties for aerosol "Basis Functions' that may be used to build representations
o particular aerosol distributions.

1.1 Overview

As with PFNDAT, all o the aerosol models used to represent the natural and
man-made aerosolsin HSPFNDAT are assumed to be ensemblesof homogeneous
dielectric spheres characterized by a size distribution. For the fog models, this
can be considered to be a very good assumption. However, application of this
assumption to background hazes may not be asaccurate. For the standard haze
models, an effective refractive index is assumed which is an average of severa
different materials. Also, assuming a smooth, spherical morphology is likely
to be an inaccurate. However, we can make the case that for the wavelength
region between 2.5pm and 40um the effect of ensemble averaging over a distri-
bution of particle sizes effectively renders the arguments of non-sphericity and
inhomogeneity moot. In addition, to the extent that non-spherical particles are
randomly oriented in the atmosphere, an averaging effect will take place, making
the measured optical properties more like those of spherical aerosol properties.

It is important to remember that the aerosol modelswe are using are de-
signed to provide a small number o models that can represent the extinction
and scattering effectsdf the vastly more complex inhomogenious aerosols found
in nature and on the battlefield. As such, we expect to never find an actual

6
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aerosol that cehemically and morphologicaly matches these models. The mod-
els do however serve as suitable approximations for the wavelength dependent
extinction, scattering, and absorption processes need in various atmospheric
radiative transport models.

Within HSPFNDAT, we have used a Mie model, adapted from the model of
Bohren and Huffman(l1], to represent the single-particle scattering characteris-
tics of the individual, homogeneous spheres comprising the aerosol.

There are two methods o calculating aerosol optical properties at high spec-
tral resolution. Thefirst istocalculate the properties using Mietheory at several
wavelengths and interpolate the resulting optical properties. The second is to
interpolate the complex index of refraction dataand perform the Mie scattering
calculation at each wavelength. In this work we used the second method, par-
tially because we have high resolution index of refraction data for at least the
liquid water found in fogs and all hygroscopic aerosols. In order to accurately
calculate the scattering properties at spectral resolution of 1 ecm~! the complex
refractive index is needed with the same spectral resolution. Our calculations
for the maritime, rural, and urban aerosol models used the refractive index
database given by Shettle and Fenn (1979){14]. A linear interpolation routine
was used to calculate the refractive index atthe finer spectral resolution for
use by the Mie scattering code. For the water fogs, the subroutine REFWAT,
described in section 1.1.1 was used to determine the refractive index for water
at 20°C. For non-zero relative humidities the data from REFWAT were also
used as part of the calculation of theindex of refraction for the haze aerosols .

As stated above, al o the aerosol models used in HSPFNDAT were rep-
resented by homogeneous spheres. The ensemble averaged aerosol extinction,
scattering and absorption coefficientsare calculated from thesingle particle cross
sections, Q(r, A;m), and the particle sizedistribution, n(r), using the Fredholm
integral of Typel,

11
e(\) = n(r)r2Q(r, 1;m(\)) dr, (1.1)
where ¢()) is either the volume extinction, scattering or absorption coefficient
as a function of wavelength A, and Q(r, A'm) is the respective single particle
extinction, scattering, or absorption efficiency calculated from Mie theory. Ex-
plicitly, the efficiency Q is dependent on the particle radiusr, wavelength A and
the complex refractive index, m = n+ ik, at wavelength A. The phase function
issimilarly calculated
I
®(\, cosb) = ; i) Dscatter (34 (1.2)

[} |'i | [l
Cscatter| ') o

where n(r) isthe particle size distribution, dm...... /it isthe differential scat-
tering cross section. Additional properties can be calculated from these basic
quantitiessuch asthe radar backscatter coefficient given by

|, = 4n®(A,cosm) (1.3)

/
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and the asymmetry parameter g given by

rl
|

st = | (cos0).®(4 cos0)d(cosh) . (1.4)

The asymmetry parameter is often used as a single descriptor for aerosol scat-
tering properties. It only provides a rough estimate of the actual directional
scattering properties, but can allow much faster calculations than using a full
scattering phase function. We include the asymmetry parameter in our tabula-
tions for use by such models.

The aerosol models in HSPFNDAT are described by only two types o size
distributions. For the background hazes, the size distributions are modeled as
log-normal distributions. For the natural fog aerosols, the size distributions
are modeled as modified gamma size distributions. Following the notation of
Kerker[7], the log-normal (LN) size distribution is given by

iy ¥ | |oir) —Infrg)]® |
- - exp 4 ——— A 1.5)

] - Lr
14} TS ol ]| T | & I img |- [

where N is the number concentration of the aerosol, r, is the geometric mean
radius (or modal radius), and o, is the mode width®. Following the formalism

o last version of PFNDAT[15] the Modified Gamma (MG) distribution isgiven
hv

L[
# 11.KE)

where, 7., isthe modal radiusand O, a,and y are fitting parameters.

As the relative humidity increases, the atmospheric haze aerosols will tend
to increase in size due to absorption o water. Within HSPFNDAT, we treat
this change of composition by changing the modal radius, r,, as wdl as the
effective refractive index using a volume-weighted average of the dry material

and water. This results in a change in the optical scattering properties of the
aerosol.

1.1.1 REFWAT

REFWAT was devel oped by P. Flateau, principally based on thework of Ray[11].
REFWAT operates from a compilation of index o refraction datadases[13, 16,
11). The routine REFWAT providesthe complex refractive index given a wave-
length and temperature. The REFWAT routine operates in four modes depend-
ing upon wavelength region.

‘It isimportant to mention that the form d the log-normal size distribution given above
isdightly different than that used by Shettle and Fenn and in PFNDAT.



. For wavelengths less then 10.0 microns: tabular interpolation assuming
real index and log( imaginary index ) linear in log( wavelength ),

. for wavelengths between 10.0 microns and 20.0 microns: weighted data
correction using Ray's model[11] to account for temperature dependence,

. for wavelengths between 20.0 micronsand 1.0 X 11" microns: data correc-
tion using Ray's model[11] to account for temperature dependence,

. for wavelengths greater than 1.0 x 10” microns: Ray's analytic fits[11]
based on some theories o Debye.
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Chapter 2

Aerosol Models

2.1 Boundary Layer Hazes—Rural, Urban, and
Maritime Aerosol Models

The maritime, urban, and rural aerosol models used in HSPFNDAT are those
found in Shettle and Fenn (1979)(14] and are identical to the models of PFN-
DAT. They are characterized as bimodal, lognormal distributionswith the mode
radii varying as a function of humidity. The refractive indices for each of these
aerosols were assumed to be a simple admixture, by volume, of the refractive
indices of the component aerosol with water. Followingthe formulation of Shet-
tle and Fenn, the complex refractive indices, m, of the hydrated aerosols were
calculated by simply considering the hydrated aerosol's refractiveindex as being
the volume averaged refractive index of the dry fraction, fay, and water frac-
tion, fusier. Of the hydrated aerosol. The volume of thedry or wet particle isin
each instance calculated from the appropriate modal radius, r,, as afunction of
relative humidity (RH).

fwater (BRH) = 1 — far, (%RH) (2.2)

m(TRH) = My fary (RRH) + myuser faaer (ToRH)

r =] -

Plotsdf the refractive indices as a function of wavenumber for the haze mod-
els for several values of the relative humidity can be found in appendix A. The
particle concentrationsfor the haze models were adjusted so that the default me-
teorological visibility (at 0.55 um) was5 km. Tables 2.1, 2.2, and 2.3 summarize
the parameters for the bimodal distributions as a function of humidity.

10
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Table 2.1. Effective mode radii, spread, and number densities as a function of relative humidity for the small (S) and large (L)
modes of the AFGL Maritime haze model.

Relative Humidity
0 50 70 80 90 95 98 9

Small Mode

N(S) 38251 35129 27757 13902 9697 6976 4360 2948
rg(S) 0.02700 0.02748 0.02846 0.03274 0.03884 0.04238 0.04751 0.05215
| 2.239 2.239 2.239 2.239 2.239 2.239 2.239 2.239

Large Mode

N(L) 386.4 354.8 280.4 140.4 98.0 705 44.0 20.8
rg(L) 01600 0.1711 0.2041 03180 0.3803 04606 0.6024  0.7505
rg (L] 2512 2512 2512 2512 2.512 2512 2512 2.512

11
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Table 2.2: Effective mode radii, spread, and number densities as a function of relative humidity for the small (S) and large (L)
modes of the AFGL urban haze model.

Relative Humidity
] 50 70 80 Q0 95 98 99

Small Mode
N(S) 87204 53354  B4829 42776 27HA3 18217 10516 TR
rg(S) 0.02500 0.02563 002011 003514 004187 004004 00BIOG 006847

o¢(S) 2.239 2.7 2,240 20%) 2950 ¢ 2 2930 a2
Large Mode

ML) 10.9 10.4 &1 B.4 3.5 2.3 1.3 {0
rg(L) 04000 04113 04777 05805 07601 086 L1690 1.4850
5] 2.512 2512 2.512 2.512 2512 2512 2512 2512


sherry.larson
Text Box
12


Table 2.3: Effective mode radii, spread, and number densities as a function o relative humidity for the small (S) and large (L)
modes o the AFGL rural haze model.

Relative Humidity
0 50 70 80 90 95 98 99

Small Mode
N(S) 79076 76305 70804 51674 33895 27052 19290 14761

r¢(S) 0.02700 0.02748 0.02846 0.03274 0.03884 0.04238 0.04751 0.05215
04(S) 2.239 2.239 2.239 2.239 2.239 2.239 2.239 2.239

Large Mode
WL 9.9 9.5 8.9 6.4 42 34 24 19

re(L) 04300 04377 04571 05477 06462 07078 09728 1.1760
og(L) 2.512 2512 2512 2512 2512 2512 2512 2512



2.2 Fog modds

The fog models used in HSPFNDAT correspond to the heavy advection and
moderate radiation fog models described in Shettle and Fenn[14]. These fogs
form when the air becomes saturated either by mixing of different air masses
(advection fog) or by cooling until the air temperature approaches the dew point
temperature (radiation fog). These models use the Modified Gamma (MG)
distribution to describe the size distribution. Although we know that the fog
aerosols are composed o both water and the condensation nuclei, we assume
the refractive index to be that of pure water as calculated by REFWAT. The
effect of this assumption for the calculated optical propertiesislikely to be very
small. The heavy advection fog model uses a mode radius of 10 pm, particle

concentration o 20 gearticles/cm” and the MG parametersa = 3, and vy = 1.
The moderate radiation fog is characterized by a mode radius o 2 pm, particle
density o 200 partleles con’, and MG parameters a=6 and y = 1.

2.3 Aerosol Smoke Modd

In this interim HSPFNDAT, only the fog-oil model has been computed. This
model scales the scattering parameters for a mass concentration of 1 guu/ can”

The aerosol size distribution isdescribed by a log-normal size distribution with
a geometric mean r, = 0.19um, and a width 3 = 1.45. These parameters
were found to be appropriate for the current military generators designed to
produce particles for obscuration at visible wavelengths[2]. This model does not
incorporate any hygroscopic growth due to ambient humidity. For this model,
the tabulated refractive index from PFNDAT92[15] was interpolated for the
high spectral resolution o HSPFNDAT.



Chapter 3

Database Guide

3.1 Aeosol Identification Indices

In the interim version o the high resolution PFNDAT, the phase function
database is structured similar to PFNDAT92[15]. This database is comprised
o aseriesd ASCII text files, one for each of the aerosols listed in table 3.1.



Table 3.1: Aerosolsin HRPFNDAT

Aerosol Index

Aerosol Name

Relative Humidity

ERoo~v~ourwNn+-

Maritime
Maritime
Maritime
Maritime
Maritime
Maritime
Maritime
Maritime
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Rural
Rural
Rural
Rural
Rural
Rural
Rural
Rural

Fog (Heavy Advection)
Fog (Moderate Radiation)

Fog Oil

0
50
70
80
90
95
98
99
0
50
70
80
90
95
98
99
0
50
70
80
90
95
98
99
NA
NA
50




3.2 Structure of the Databases

Aswith the phasefunction database PFNDAT, thefilesarecalled PFNDAT .nnn,
where nnn identifiesthe particular aerosol index from table 3.1. Each file begins
with alist o the 126 discrete angles between 0 and 180 degrees. The remainder
o thefile contains sets of a preamble and phase function results at each wave-
length. The one-line preamble records the number of angular data items, the
aerosol identifier, wavelength A (in pm), the spectral single scattering albedo
at A, and the extinction and scattering coefficients (in km After this the
valuesd the phase function at each angleis listed.

Table 3.2: Structure for an individual HRPFNDAT file PFNDAT.nnn

H 2 H
Os6 fian 999.99
NANG nnn by wWo Pex Ds
P(gl, h P(927 A . P(eﬁy
=l 1 = i |'.|__
NANG nnn Amax Wo Pex Ds
1 /\max) il /\max) Flfg: Adas
Pt Amax)  [Fag, Amax) P(6126, Amax)
0; discrete angles (degrees)
NANG number of discrete angles
nnn phase function identifier
I*h wavelength (um)
= single scattering albedo
Bex Extinction coefficient (km™")
Bs Scattering coefficient (km‘l)
P, A value o phase function at angle i, wavelength 1

In addition to the phase function datafiles, the high resolution PFNDAT has
an additional file, called SCAT.nnn, containing only the extinction, scattering
and radar backscatter coefficientsas a function o wavelength.
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Table 3.3: Structure for an individual HRPFNDAT file SCAT .nnn

o] Pext(kl) Pscat(kl) IB‘N(kl) |

I kn ;Bext(kn) ﬂscat(k‘n) ﬂr(kn) I

k; = [** wavenumber (cm™')
... = Extinction coefficient (km™")
,.,, = Scattering coefficient (km™")
i, = Backscattering coefficient (km™?)
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Chapter 4

Conclusion

We have presented someinterim resultsfor a high resolution PFNDAT database
d optical properties. Although this preliminary database contains only the
natural haze, fogs, and fog-oil smoke models, we will be adding the rest of the
smoke and dust modds found in PFNDAT92. We will aso be including new
models that will characterize several biologica aerosols as wdl as new models
characterizingnatural clouds. A more formal data model is being devel oped for
the final verson o HSPFNDAT.

k)



Appendix A

| ndices of Refraction

In this chapter we have collected graphs of the real and imaginary indices of
refraction. These are plots o the data used in the Mie scattering calculations
to produce the plots in appendix B. In many casesthe index o refraction data
are interpolated between a few measurements. In some wavelength regions the
structure is well described, in others, the location and shape of the features is
poorly resolved. We propose that revisiting the measurements o the indices
o refraction should be undertaken to provide the level of detail necessary for
accurate processing of hyperspectral atmospheric data or for use with tunable
lasers.

A.l Indicesof Refraction of Maritime Aerosols
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Figire A.1: Roal Index Asrosal 0], Maritime Haze 0% relative humidity
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Figure A.2: Imaginary Index Aerossl 01, Maritime Haze 0% relative humidity
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Figure A.3: Redl Index Aerosol 02, Maritime Haze 50% relative humidity
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Figure A.4: Imaginary Index Aerosol 02, Maritime Haze 50% relative humidity
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Figure A.5: Redl Index Aerosol 03, Maritime Haze 70% rédative humidity:
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Figure A.6: Imaginary Index Aerosol 03, Maritime Hze 70% relative humidity
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Figure A.7: Real Index Aerosol 04, Maritime Haze 80% relative humidity

1.7

1]

i L4l i i

largemode

small mode .

Wavenumber (cm'l )

2/



sherry.larson
Text Box
27


Flgure A.8: Imnginary Indox Avcrosol (4, Maritime Haze 80% relative humidity

— large mode

" —  swiall mode

]
1]

T ||||||||
1 111l

LI III||I|

| IIIIJ.LI,I

&
i)

|ur||_|]

=
| IIIIIIr_I

i Bq11

E—
|

1 III‘III

28


sherry.larson
Text Box
28


Figure A.9: Red | ndex Aerosol 05, Maritime Haze 90% r elative humidity
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Figure A.|O: Imaginary Index Aerosol 05, Maritime Haze 90% r elativehumidity
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! Heal Index Aerceod 06, Maritims Huaze 95% relative humidity
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Figure A.12: Imaginary Index Aercsol 06, Maritime Haze 85% relative humidity
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Figure A.13: Real Index Aerosal 07,

Maritime Haze 98% relative humidity
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Figure A.14: Imaginary Index Aerosol 07, Maritime Haze 98% r dative humidity
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Figure A.15: Real Index Aerosol 08, Maritime Hage $9% relative humidity
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Figure A.16: lmaginary Index Aerosal 08, Maritime Hage 06% relative humidity
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Figure A17: Real Index Aerosol 1, Urban Hoze 0% relative humidity

2

230

2

2
vy

*I'L /

L =
140 m
Y| {.' i
120 T |+ =
_I | 1 | I | ll 1 1 | i Ll i I_
e Il.‘.lJI lu‘
Wavenumber (cni’ 1)
A.2 Indicesof Refraction of Urban Aerosols




Figure A.18: Imaginary Index Aerosol 09, Urban Haze 0% relative humidity
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Figure A.19: Real Index Aerosol 10, Urban Haze 50% reative humidity
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_Figure A2 Imaginary Index Aerosol 10, Urben Hase 50% relative humidicy
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Figure A.21: Real Index Aerosol 11, Urban Haze 70% r elative humidity
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Figure A.22: Imaginary Index Aerosol 11, Urban Haze 70% relative humidity
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Figure A.23: Real | ndex Aerosol 12, Urban Haze 80% r elative humidity
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Fi e A.24: Imaginary Index Aerosol 12, Ur ban Haze 80% relative humidity
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Figure A.25: Heal Index Aerosel 13, Urban Haze 00% relative humbdicy
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Figure A.26: Imaginary Index Aerosol 13, Urban Hize 90% redative humidity
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Figure A.27: Heal Index Aerosol 14, Urban Haze 85% relative humidicy
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Figure A.28: Imaginary Indax Aerosol 14, Urban Haze 5% relative humidity
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rFigure A.30: Imaginary Index Aerosol 15, Urban Hze 98% relative humidity
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Figure A.31: Real Index Aerosal 16, Ur han Haze 99% relative humidity
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Figure A.32: Imaginary Index Aerosol 16, Urban Haze 99% relative humidity
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Figure A.33: Real Index Aerosol 17, Rural Haze 0% relative humidity
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_ Figure A8: Imaginary Index Aercsol 17, Rural Haze 0% relative humidity




Figure A.35: Redl | ndex Aerosol 18, Rural Hze 50% relative humidity
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Figure A.36: Imaginary Index Aerosol 18, Rura Haze 50% relative humidity
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Figure A.37: Real | ndex Aerosol 19, Rural Haze 70% relative humidity
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Figure A.38: Imaginary Index Aerosdl 19, Rural Haze 70% r dlative humidity
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Figure A.39: Real Index Aerosol 20, Rural Haze 80% relative humidity
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Figure A.40: Imaginary Index Aerosol 20, Rural Haze 80% relative humidity
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Figure A.41: Real Index Aerosol 21, Rural Haze 90% rdative humidity
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Figure A.42: Imaginary Index Aerosal 21, Rura Haze 90% reative humidity
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Figure A.43: Red Index Aerosdl 22, Rura Haze 95% reative humidity

P —
i
is =
ol =
o T ‘ﬂl
|_ v

L2

| IIIIIII | | Illllll | |
Bt = r

1 10

Wavenumber( ¢ m 1

i




Figure A.44: Imaginary Index Asrosol 32, Rural Heze 95% relative humidity
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FigureA.45: Red Index Aerosdl 23, Rura Haze 98% rdative humidity
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_Figure A 46 Imaginary Index Aerceol 38 Riral Haze 98% relative humidity
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Figure A.47: Real | ndex Aerosol 24, Rural Haze 99% reative humidity
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Figure A 48: lmaginary Index Aerosal 24, Rural Haze 9% relative humidity
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A.4 Indicesof Refraction of Natural Fog

Since we are modeling the aerosol models 24 (Heavy Advection Fog) and 25
(Moderate Radiation Fog) as pure water, we do not repeat the REFWAT plots
from figures A.51 and A.52 on pages 72 and 72.

A.5 Indicesof Refraction of Fog Oil

Figure A.49: Real Index Aerosol 56, Fog Oil 50% relative humidity
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Figure A.50: Imaginary Index Aerosol 56, Fog Ol 50% relative humidity
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A.6 Indicesof Refraction of Liquid Water
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Appendix B

Aerosol Optical Properties
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Figure B.l: Aerosol 01, Maritime Haze 0% relative humidity
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Figure B.2: Aerosol 02, Maritime Haze 50% reative humidity
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Figure B.3: Aerosol 03, Maritime Haze 70% relative humidity
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Ar Aerosol 04, Maritime Haee 80% relative humbdity
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FigureB.5: Aerosol 05, Maritime Haze 90% relative humidity
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Figure B Aerosol 06, Maritime Hase 955 mlative homidity
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Finure B.8: Aerosol 08, Maritime Haze 99% reative humidity
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Figure B.9: Aerosd 09, Urban Haze 0% reative humidity
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Figure B.1O: Aerosal 10, Ur ban Hize 50% rdative humidity
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Figure B.11: Aerosol 11, Urban Haze 70% rdative humidity
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FigureB 12. Aerosal 12, Urban Haze 80% redative humidity
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Figure B.13: Aerosdl 13, Urban Haze 90% reative humidity
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Figure B.14: Aerosol 14, Ur ban Haze 95% relative humidity
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Figure B.15: Aserosol 15, Urban Haze 38% relative humidity
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Figure B.16

: Aerosdl 16, Urban Haze 99% r dative humidity
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Figure B.17: Aerosol 17, Rural Haze 0% relative humidity
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Figure B.18: Aerosol 18, Rural Haze 50% relative humidity
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Figure B.19: Aerosol 19, Rural Haze 70% rdative humidity
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FigureB.20: Aerosol 20, Riral Haze 80% rdative humidity
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Figure B.21: Aerosol 21, Rural Hwe 90% reative humidity
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Figure B.22: Aerosol 22, Rural Haze 95% relative humidity
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Figure B.23: Aerosol 23, Rural Hze 98% reative humidity
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Figure B.24: Aerosdl 24, Rura Haze 99% rdative humidity
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Figure B.25: Aerosol 25, Heavey Advection Fog
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Figure B.26: Aerosol 26, M oder ate Radiation Fog
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Figure B.27: Aerosdl 56, Fog Oil
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